Cadmium Cobalt Sulphide (Cd x Co 1−x S) thin film was deposited on microscopic glass substrate using chemical bath deposition technique at room temperature from aqueous solutions of Cadmium Chloride, Cobalt Chloride and Thiourea in which ammonium solution was used as complexing agents. The optical properties were characterized using the absorbance and transmission measurement from Unico UV-2102 PC spectrophotometer, at normal incidence of light in the wavelength range of 200 -1000 nm. We report the deposition and optimization of the growth parameter with respect to time which showed that the band gap energy and the composition verified from the extended Vegard's law are highly dependent on deposition time. The average transmittance of the film in VIS-NIR region ranges between 30% and 78% with absorbance range of 0.15 -0.47 within the same wavelength range. The film was also observed to exhibit poor reflectance (11 < R% < 20) which declined albeit exponential within the entire studied wavelength range. From absorbance and transmittance spectra, the band gap energy determined for the film deposited at various time: 19 h, 21 h and 24 h are 2.25 eV, 2.17 eV and 2.05 eV respectively, in that order. The composition of the ternary system for 19 h; 21 h, and 24 h were found to be (x = 0.75; 0.83 and 0.94), respectively. Other optical and dielectric properties of the films were also characterized. Based on the exhibited properties of the film, it can be concluded that it is a promising material for selective coatings for solar cells; effective coatings for poultry houses; use as antireflective coating materials, and for fabrication of optoelectronic devices.
Introduction
The derivatives of CdS to ternary chalcogenide materials in recent time have witnessed a lot of research interest possibly for their applications in the field of optoelectronic devices. Cd x Co 1−x S is one of the ternary derivatives which have been studied as a good candidate for wide band gap material for photovoltaic and photoconducting devices. Its band gap can be harnessed from 2.37 -2.43 eV (CdS) to 3.20 eV (CoS). The addition of Co to CdS enhances the open-circuit current in the heterojunction devices generally due to decrease in the window absorption losses [1] .
Various deposition techniques such as spray pyrolysis [2] , metal organic chemical vapour deposition (MOCVD) [3] , and chemical bath deposition (CBD) [4] have been used to deposit Cadmium cobalt sulphide. However, the popularization of the chemical bath deposition (CBD) technique in recent decades for thin film deposition no doubt is due to its relatively low cost and simple method for the deposition of high quality and large area films [5] [6] [7] , wider choice of materials to be used [4] , and facilitates better orientation of crystallites with improved grain structure [5] .
The CBD is an ion-ion exchange which involves slow release of S 2-and controlled free Cd 2+ and Co 2+ ions in an alkaline solution. In this work, thiourea 2 is used as the sulphiding agent. To control the hydrolysis of the metal ion and impart some stability to the bath which, normally will hydrolyze, and precipitate, a chelating agent is used. The deposition of CdS in the bath is simple but the introduction of Co complicates the entire
NH CS
 deposition process since the solubility product of CdS ( ) [8, 9] and CoS ( ) [9, 10] differ by several orders of magnitude with varying stability constant of the Cd and Co precursors. To avoid these difficulties, most researchers have opted for the use of acidic bath deposition [8] and multilayer processing [11] . However, it has been argued that if CdS can successfully be deposited from similar bath, then the possibility of depositing the true ternary compound could be enhanced as the difficulty of the gross insolubility of Co hydroxyl species would be minimized at low pH. In this work, we report the deposition of Cd x Co 1−x S and the characterization of the various optical and dielectric properties with the time of deposition as a controlling parameter. The composition of the ternary film is also calculated using the extended Vegard's law.
Experimental Procedure
The Cadmium Cobalt Sulphide (Cd x Co 1−x S) thin film was deposited on glass slides using the Chemical Bath Deposition (CBD) technique at room temperature (300 K). The micro substrates were initially degreased in HCl for 24 h, cleaned in cold water with detergent, rinsed in distilled water and then dried in open air. The reaction bath for the deposition of Cd x Co 1−x S contained 1.0 M 2 mL CdCl 2 ; 0.25 M 3 mL CoCl 2 ; 1.0 M 10 mL thiourea; 14.0 M 5 mL NH 3 and 35 mL of distilled water which were carefully added in that order. The substrates were allowed in the reaction bath for 19, 21 and 24 h, respectively. The mixtures were carefully stirred to maintain homogeneity and constant pH which was close to 6.5. The kinematics of the reaction of the complex ion formation and subsequent film deposition process are:
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From the kinematics of the film deposition, it can be seen that the sulphide ions are released from the hydrolysis of thiourea (   ), respectively by reacting with NH 3 . These two complexes adhered firmly to the substrate surface forming a heterogeneous nucleation and subsequently, growth by ionic exchange of S 2-ions. The "as-deposited" Cd x Co 1−x S thin film is yellow in colour and specularly reflective, transparent, homogeneous and adhered firmly to the glass slide. The normal incidence transmittance and absorbance spectrum of the deposited films were characterized using UNICO UV-2102 PC spectrophotometer in the UV-VIS-NIR region and the solid state and optical properties calculated. The measurements were taken under the parametric conditions of normal incident, ambient temperature and uncoated microscopic glass slide as reference. The optical properties investigated were Absorbance (A); Transmittance (T) and Reflectance (R) which were subsequently used to calculate other properties: Extinction coefficient (k); Refractive index (n); Dielectric constant (  ); Optical conductivity (σ) and the band gap energy (E g ) which were deduced from their various relations already well established in literature [12, 13] . Figures 1-9 and Table 1 show the various (optical and dielectric) properties of the Cd x Co 1−x S thin film being studied.
Results and Analysis

Optical and Dielectric Properties
The plots of the absorption coefficient against photon energy are as shown in Figure 1 . These absorption spectra which is the most direct and possibly the easiest method for probing the band structure of semiconductors are employed in the determination of the band gap energy E g .
The variation of the spectra transmittance (T%) and reflectance (R%) with the photon wavelength are as shown in Figures 2 and 3 respectively. The film show high transmittance in the ultraviolet, visible, and infra red regions of the electromagnetic spectrum. Conversely, the reflectance of the film is found to be low (6% -20%) within the same region. These high transmittance and low reflectance make the film good materials for antireflection coatings and for solar thermal applications in flat-plate collectors and house heating for solar chick brooding. Figure 4 relates refractive index (n) against photon energy and Figure 5 shows the plot of the extinction coefficient (k) of the film samples to the photon energy. The range of the refractive index is 1.6 -2.3 with peak value at photon energy of 3.21 eV while the extinction coefficient had minimum values at photon energy of 2.55 eV for all the films but different minimum values (see Table 1 ).
The variations of the dielectric constant (real and imaginary) are as shown in ) 2 as a function of photon energy (hν) for the film is as shown in Figure 9 . It can be observed that the deposition time significantly affected the band gap energy. For the film deposited for 19 h, it is 2.25 eV; film deposited for 21 h, it is 2.17 eV and that deposited for 24 h is 2.05 eV. It can generally be inferred that as the deposition time gradually increased, the band gap energy declined. This observed decrease in E g may be attributed to attainment of stability of the metal ions in the bath.
Compositional Analysis
Applying the modified virtual crystal approach proposed by Phillips [13] , we note that Shimakawa has accounted for compositional variations in a ternary system [14, 15] . To achieve this, we will follow the approach proposed by Yen-Kuang et al. [16] where they argued that the highly compositional dependent bowing parameter obeys a thirdorder polynomial [17] and expand the non-linearity effect introduced into the Vegard's relation in power series as:
where b is the bowing parameter. We used b = 0.7 eV [16] 
Conclusions
The optical and dielectric properties induced by varying the deposition time of Cd x Co 1−x S has been investigated. The energy band gap was found to decrease with the deposition time and this was used to evaluate the composition of the ternary system. The calculated band gap energy is observed to lie between the band gap of CdS (2.37 -2.43 eV) and CoS (2.95 -3.20 eV) which, is close to energy gap of CdS. This shows that the film is rich in cadmium. Most significantly, it can be observed that the cobalt was like an impurity atom in the CdCoS system and it's percentage decreased significantly with increasing annealing temperature. The properties of the film characterized clearly positions this material as a possible candidate for fabricating optoelectronic devices, antireflective coatings etc.
